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(54) Subscriber station, network control means and method for triggering inter-frequency 
measurements in a mobile communication system 



(57) A quality measurement means (QMM) provid- 
ed in a network control means (RNC) of a communica- 
tion system (T1) monitors the transmission quality on 
the down link (DL) of a communication connection (CC) 
between the base transceiver station (RBS) and the 
subscriber station (MS). A network inter-frequency (IF) 
handover means generates a network IF measurement 
trigger signal (NIFTS) when the transmission quality 
drops under a predetermined quality measure (QoS- 
MS). The generated network (IF) measurement trigger 
signal (NIFTS) is sent to the subscriber station (MS)and 
an IF measurement means (IFMM) in the subscribersta- 



tion (MS) starts the IF measurements in response to a 
receipt of the network IF measurement trigger signal 
(NIFTS). One example of evaluating the quality on the 
down link of the communication connection (CC) is to 
monitor the transmitted output power on the down link. 
Thus, the network control means (RNC) can independ- 
ently generate the trigger signal without the need of 
measurements from the subscriber station (MS) and 
without an additional interference on the up link due to 
a transmission of such measurements and without an 
unnecessary reduction of the lifetime of the battery of 
the subsriber station (MS). 
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Description 

FIELD OF THE INVENTION 

[0001] The invention relates to a subscriber station, a 
network control means and a method for triggering inter- 
frequency measurements in a mobile communication 
system. The invention also relates to a mobile commu- 
nication system in which such a subscriber station, such 
a network control means and such a method are em- 
ployed. 

[0002] As will be explained with more details below, 
in a mobile communication system transmission condi- 
tions on a connection (communication connection or 
signaling connection) between a subscriber station and 
a base transmitter station are monitored and the need 
for an inter-frequency or inter-system handover is de- 
tected, e.g. when the transmission conditions deterio- 
rate. When the need for an inter-frequency or inter-sys- 
tem handover is detected, an inter-frequency measure- 
ment trigger signal is generated to indicate the need for 
an inter-frequency or inter-system handover and to ini- 
tiate inter-frequency measurements on a different fre- 
quency than currently used. In response to the trigger 
signal inter-frequency measurements are carried-out on 
one or more different frequencies and if a suitable new 
frequency has been found the actual an inter-frequency 
or inter-system handover takes place. Hereinafter, the 
term "handover" is used to designate an inter-frequency 
handover or an inter-system handover, even if not ex- 
plicitly stated. 

[0003] When a connection is established between the 
base transceiver station and the subscriber station, 
even if only a signaling connection is established with 
the subscriber station being in an active-mode of oper- 
ation, there always exists some data traffic on the con- 
nection and the subscriber station and the network must 
must carry out inter-frequency measurements when no 
data is transmitted, since otherwise some of the com- 
municated data on the connection will be lost. Another 
important aspect is when and how the inter-frequency 
measurement trigger signal should be generated by the 
network to initiate the inter-frequency measurements. It 
should be noted that the inter-frequency measurements 
themselves are, however, always carried out in the sub- 
scriber station in response to the inter-frequency meas- 
urement trigger signal. 

[0004] The present invention in particular addresses 
the problem which conditions should be used to gener- 
ate the trigger signal for triggering such inter-frequency 
measurements. 

[0005] Hereinafter inter-frequency will be abbreviated 
with "IF". 

BACKGROUND OF THE INVENTION 

[0006] With respect to a conventional method for trig- 
gering IF-measurements in a mobile communication 



system, Fig. 1 shows a general overview of a telecom- 
munication system TELE which comprises at least two 
different mobile communication systems T1, T2. A sub- 
scriber station, e.g. a mobile station MS, which is oper- 
5 able in the first mobile communication system T1 , may 
also be operable in the second mobile communication 
system T2. Within each mobile communication system 
T1 , T2 the mobile station MS can move around different 
cells SI, S2, S3, S1\ S3' and C1-C6. Due to different 
io handover criteria the mobile station MS may perform an 
inter-frequency handover within the same system or an 
inter-system handover to/from the other system. It 
should be noted that the present invention is equally well 
applicable for triggering an inter-frequency handover 
is within the same system and/or an inter-system hando- 
ver and Fig. 1 only shows two mobile communication 
systems T1 , T2 as an example where both such hando- 
ver procedures may take place. 

[0007] Fig. 1 shows as an example for the first mobile 
communication system T1 a WCDMA (Wideband Code 
Division Multiple Access) or CDMA (Code Division Mul- 
tiple Access) communication system comprising a net- 
work control means RNC (Radio Network Controller), at 
least one base transceiver station RBS, RBS’ (in WCD- 
MA called radio base station), at least one subscriber 
station MS (Mobile Station) as well as a number of (pos- 
sibly) overlapping cells SI , S2, S3, SI',. S3'. 

[0008] An example for the second mobile communi- 
cation system T2 is a communication system according 
to the GSM (Global System for Mobile Communica- 
tions), PDC (Personal Digital Cellular) and D-AMPS 
(Digital-Advanced Mobile Personal Service) standards. 
[0009] In Fig J an example of a GSM system is shown 
for the second mobile communication system T2. How- 
ever, it should be noted that the invention can in principle 
be applied to any type of digital mobile telephone system 
and is as such not restricted to the aforementioned sys- 
tems. The GSM system shown in Fig. 1 comprises the 
conventional units of a base station controller BSC, at 
least one mobile switching center MSC as well as a 
gateway mobile switching center GMSC. The mobile 
stations MS are served by a plurality of base transceiver 
stations BTS within the ceils C1-C6 in which the mobile 
station MS can move around. 

[0010] The network control means RNC of the WCD- 
MA system in Fig. 1 is connected via a UMSC unit to the 
gateway mobile switching center GMSC of the GSM 
system. 

[0011] Depending on the geographical layout of the 
first and second mobile communication systems T1 , T2 
the cells SI , S2, S3, SI ', S3' of the first mobile commu- 
nication system T1 may also completely or partially 
overlap with the cells Cl -C6 of the second mobile com- 
munication system T2. Of course, if the mobile station 
MS is to carry out an inter-system handover - then the 
mobile station MS will be able to operate according to 
the specifications of the first and the second mobile 
communication system. 
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[0012] One reason for performing inter-frequency or 
inter-system handovers in the telecommunication sys- 
tem TELE in Fig. 1 may be due to coverage reasons. 
This is due to the fact that neither the first communica- 
tion system nor any other system has a complete cov- 
erage in all geographical areas, e.g. hot spots in UMTS. 
Furthermore, some cells within the mobile communica- 
tion system may operate on frequencies which are not 
applicable in adjacent cells. Therefore, by letting the mo- 
bile station MS or the network control means RNC per- 
form either an inter-frequency handover of an inter-sys- 
tem handover, the mobile station MS can be used in a 
larger area without interruptions in the communication. 
[001 3] Another reason for the handover may be ca- 
pacity reasons. Either the mobile communication sys- 
tem or other mobile communication systems may be- 
come heavily loaded at times, so that an inter-system 
handover may be required. Analogously, the mobile sta- 
tion MS may have established a connection on a partic- 
ular frequency and it may be necessary that another fre- 
quency is to be used. This other frequency may be 
present within the same cell or in another cell and both 
are generally termed inter-frequency handover. As indi- 
cated in Fig. 1 , the inter-frequency measurements (nec- 
essary for an inter-frequency handover/or an inter-sys- 
tem handover) is always carried-out by an inter-frequen- 
cy measurement means IFMM situated in a mobile sta- 
tion MS. 

[0014] The network control means RNC comprises a 
paging flag sending means PFSM for sending a paging 
flag to the mobile station MS when a signalling commu- 
nication link has already been established between the 
subscriber station MS and the network. For example, 
when the mobile station MS has been switched on and 
has been registered in the network, the subscriber sta- 
tion is in a registered and non-active mode of operation. 
A standby operation means SOM holds the subscriber 
station in such a non-active mode of operation. In such 
a non-active mode of operation the operation of the sub- 
scriber station MS is invoked by receiving the paging 
flag PF from the network control means RNC, namely 
when a call is pending for the subscriber station SS and 
when a communication connection is to be set up to the 
subscriber station MS. 

[0015] Fig. 2 shows a general flow chart of a method 
for carrying-out an inter-frequency or inter-system 
handover in a mobile communication system when a 
signaling connection or a communication connection is 
set up. In step ST1 1 a handover means HORM (HandO- 
veR Means) situated in the network control means RNC 
or the mobile station MS monitors the network perform- 
ance regarding the capacity/coverage aspects as ex- 
plained above. In step ST12 the handover means 
HORM decides whether in principle a handover is nec- 
essary according to the criteria determined in step ST1 1 . 
If so (“Y“ in step ST12), the mobile station is triggered 
to perform inter-frequency measurements in step ST13. 
More particularly, in step ST1 3 an IF measurement trig- 



ger signal IFTS is output by the handover means 
HORM. As indicated in Fig. 1, the IF-measurements 
means IFMM can be triggered by a mobile-evaluated- 
handover trigger signal IFTS or a network-evaluated- 
5 handover trigger signal IFTS in step ST13. 

[0016] In order to perform a fast and reliable inter-fre- 
quency handover when there is the need for such a 
handover, it is advantageous to provide the outputting 
of a reliable trigger signal IFTS in either the network con- 
io trol means RNC and/or in the mobile station MS. Of 
course, in order to provide a well-designed trigger pro- 
cedure, there is not a single triggering condition that 
needs to be monitored in step ST1 1 and which will even- 
tually trigger the mobile station MS to perform I F-meas- 
15 urements on other frequencies or systems. Usually, a 
couple of conditions are monitored in step ST11 and 
must be fulfilled that the trigger signal is output in step 
ST1 3. Such conditions may for example comprise an 
excessively high output power from either the down-link 
20 (network to subscriber station) connection or the up-link 
(subscriber station to network) connection and/or a high 
load in the cell. If for example the network detects by 
measuring the uplink-interference a high load in the cell, 
it will attempt to trigger IF-measurements and thus a 
25 handover to a different cell or a different system. Like- 
wise, if transmission conditions deteriorate, the mobile 
station MS is triggered to more and more increase its 
output power and therefore a high output power also in- 
dicates the need for IF-measurements and thus the 
30 need for a handover. 

[0017] The prior art reference TS 25 231 VO. 3.0, tech- 
nical specification: Third Generation Partnership Project 
(3GPP) ; Technical specification group (TSG), radio ac- 
cess network (RAN); working group 1 (WG 1); Physical 
35 Layer-Measurements in the IS 95 standard, dated June 
1 999 (hereinafter referred to as reference [1 ]) describes 
in particular in chapters 3., 4., 5.1.2 a number of con- 
ventional measurement trigger criteria. In the mobile 
communication system described in reference [1] both 
^o a network handover means HORM and a subscriber sta- 
tion handover means HORM monitor the performance 
of the radio-link (RL) and can request a handover. For 
example, the network handover means HORM monitors 
the down-link by measurement reports from the sub- 
45 scriber station MS. The network handover means 
HORM also monitors the traffic load. As explained 
above, a hand-over evaluated by a mobile station MS is 
called a mobile-evaluated hand-over, abbreviated ME- 
HO. A hand-over evaluated by the network is called a 
50 network- evaluated hand-over, abbreviated NEHO. As 
indicated in Fig. 1 , since the mobile station MS and the 
network control means RNC each comprise a handover 
HORM each can initiate a handover according to the 
triggering conditions which are respectively monitored. 
55 The four basic criteria du ring the monitoring in step ST 1 1 
in the prior art are the "base station traffic load exceed- 
ed 0 condition, the “distance limits exceeded 0 condition, 
the “pilot strength below a predetermined threshold 0 
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condition and the "power level exceeded" condition as munication connection CC. ^ 

will be explained below and as is described in the afore- [ 0022 ] Fig. 5a-d show such a conventional adjust- 

mentioned reference [1]. ment of the transmission power when exchanging 

[ 0018 ] Firstly, regarding the condition "base station frames FR consisting of a number of time slots TS1... 
traffic load exceeded\the network handover means s TS15 between a base transceiver station (generally 
HORM determines the necessity for a handover by mon- called node "B") RBS and a subscriber station MS. A 
itoring loads at all base stations BS in the mobile com- power adjustment module PAM in the base transceiver 

municaton system T1 and outputs the IF measurement station (node "B") RBS presets an upper threshold PUR 

signal IFTS in order to balance loads between all base a lower threshold PDWN and an offset value POFF for 

stations ; in order Jo achieve a higher traffic efficiency. io the power. The power offset value POFF is used in con- 
For example, the network handover means HORM out- nection with a slow power control and the upper and low- 

puts the trigger signal in step ST 1 3 whenever the load er threshold values PUR PDWN are used in connection 

at a base station exceeds a predetermined load thresh- with a fast power control in the node B. 
old. [ 0023 ] The slower power control and the fast power 

[ 0019 ] Secondly, regarding the condition "distance is control as illustrated in Fig. 5b is carried out according 
limits exceeded" the subscriber handover means and/ to the flow chart in Fig. 5c. Steps PI, P2 relate to the 

or the network handover menas HOM are adapted to slow power control (the outer control loop) carried out 

determine the necessity for the handover on the basis on the RNC-side or the MS-side. In step PI the frame 

of a supervision of the distance between a base station error rate FER (or the block error rate BLER) is meas- 

BS and the subscriber station MS. The distance be- 20 U red and in step P2 the measured FER (or the BLER) 
tween the relevant base station and the subscriber sta- is compared with a FER target value (or a BLER target 

tion can be determined in a synchronized system. value). In step PS a new signal interference ratio target 

Therefore, the trigger signal IFTS is output in step ST1 3 value SIR-target is obtained. As shown in Fig. 5d, a 

whenever the measured distance exceeds a predeter- known (simulated) relationship between a 

mined distance. 25 delta_SIR_target value (dB) and the logarithm of the 

[ 0020 ] Thirdly, regarding the condition "pilot strength measured FER value exists. Between two threshold val- 

below a predetermined threshold", the subscriber ues UL_delta_SIR_2 and UL_delta_SIR_1 a predeter- 

handover means and/or the network handover means mined "working area" exists. This relationship is known, 

are adapted to determine the necessity for a handover i.e. simulated beforehand As indicated in Fig. 5d, de- 

on the basis of a supervision of a measured pilot signal 30 pending on the measured value log (measured FER) a 
strength falling below a predetermined power threshold. value delta_SIR_target* is read out. A new SIR_target 

As is illustrated in Fig. 3-1 and in Fig. 4 - 1 , in modern value SI R_target is calculated according to the following 

mobile communication systems a data transmission be- equation: 

tween a base transceiver station RBS and a subscriber 
station MS is carried-out by transmitting data frames FR 35 

and the transmission frames FR consist of a control por- SIR_target=SIR_target + delta_SI Retarget* 

tion CP and a data portion DR This is true for CDMA 

frames (Fig. 3-1 ) and TDM A frames in GSM (Fig. 4-1 ). [ 0024 ] Thus, the outer loop or slow power control will 

The control portion CP consists at least of pilot symbols generate in step P8 new SIR-target values whenever 

PS and preferably also of other control symbols CS. For 40 steps PI , P2 are executed. The new SI R-target value is 
example, each base station BS may transmit a pilot sig- then used in the fast power control (inner loop) carried 

nal PS of constant power on the same frequency. The out on the node B-side or the MS-side, respectively, 

subscriber station MS can monitor the received power [ 0025 ] In step P5 the SIR (Signal-to-lnterference ra- 

level of the received pilot signal and can thus estimate tio) per slot is measured and in step P4 the measured 
the power loss on the connection between the base sta- 45 SIR value is compared with the (current) SIR-target val- 
tion BS and the subscriber station MS. Using the pilot ue as obtained in step P8. If the measured SIR value is 

signal strength for estimating the path loss, the subscrib- greater than the current SIR-target value, then a de- 
er handover means HORM outputs the trigger signal crease command is sent to the mobile station MS/net- 

IFTS in step ST13 if the path loss is greater than a pre- work, i.e. the transmission power control parameter 

determined path loss threshold. so TPC is set to TPC = "00" in step P7. When the measured 

[ 0021 ] Fourthly, regarding the condition "power level SIR value is smaller then the (current) SIR-target value 

exceeded" the subscriber handover means and/or the in step P4, then an increase command is sent to the mo- 

network handover means are adapted to determine the bile station MS/network in step P6 by setting the trans- 
necessity for a handover on the basis of a supervision mission power control parameter TPC to TPC = "11 **. 

that in response to a power increase command by a ss [ 0026 ] As illustrated in Fig. 5b, the slow power control 
base station BS a subscriber power adjustment module and the fast power control result in a stepwise adjust- 
PAM (shown in Fig -1 in the mobile station MS) is unable ment of the power P out on the downlink DL. Since the 

to further increase its power on the up-link of the com- slow power control performs steps PI , P2 for calculating 
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the frame error rate FER (or block error rate BLER) for 
every frame (or block) a new SIR-target value is ob- 
tained less frequently than the fast power control carried 
out with steps P5, P4, P6, P7 for each slot. 

[0027] The offset value P off and the upper and lower 
threshold values P up) P dwn are also used in the power 
adjustment. For example, when the output power P oul 
exceeds the upper threshold P up then the offset value 
P off is slightly increased and when the power is lower 
than the lower threshold P^n the offset value P off is 
slightly decreased. The stepwise adjustment of the pow- 
er is always performed within the power range between 
P dbn and P up . Since the values P off , P up and P,*,,, are 
only used for the triggering of a soft-handover, they are 
not of any further relevance for the present invention and 
any further descriptions thereof are therefore omitted. 
[0028] As explained above, in the fourth condition 
“power level exceeded 0 the node B (the base station BS) 
commands the subscriber station MS to increase its 
power and if the power adjustment module PAM in the 
node B notices that there is no further increase of power 
in response to a power increase command TCP, the net- 
work handover means HORM may request a measure- 
ment by issuing the IF trigger signal. 

[0029] Regarding the above described four different 
conditions, there are a number of significant disadvan- 
tages and some of the four described conditions can not 
even be implemented in future wideband code division 
multiple access systems (WCDMA). 

[0030] Whilst reference [1] relates to the IS-95 stand- 
ard and describes a synchronized CDMA system, refer- 
ence [2]: TS 25.201 V2.1.0, a third generation partner- 
ship project (3GPP); technical specification group 
(TSG); radio access network (RAN; working group 1 
(WG1); physical layer-general description, dated June 
1999, describes a non-synchronized WCDMA system, 
in particular the multiple access used therein. In a syn- 
chronized system like the one described in reference [1] 
either the base station BS or the subscriber station MS 
can still estimate the distance between them (second 
trigger condition). This is possible since the chip rate on 
the pilot channel and all channels are synchronized 
(locked) to a precise system clock. This is in reference 
11] accomplished by using a global positioning system 
(GPS). However, due to multipath propagation delay 
and shadowing between the base station BS and the 
subscriber station MS, the estimated distance may be 
erroneous. Therefore, the second. condition “distance 
limits exceeded 0 may not be very accurate. 

[0031] In condition 3 "pilot strength below a predeter- 
mined threshold" the subscriber station MS must per- 
form measurements for triggering I F measurements and 
thus for triggering a handover. These continuous meas- 
urements of the pilot signal strength may drastically re- 
duce the lifetime of the battery of the subscribers station, 
since the subscriber station MS must perform an aver- 
age filtering of the pilot channel during a predetermined 
measurement time. The decrease of the lifetime of the 



battery is to be avoided in all circumstances, since there 
are already a lot of measurements that must be per- 
formed by the subscriber station, e.g. the IF measure- 
ments on other frequencies when the IF measurement 
5 trigger signal IFTS has been issued. Furthermore, the 
subscriber station MS has to report the pilot signal 
strength measurements in some form over the air-inter- 
face to the base transceiver station RBS (node B) and 
to the network control means RNC and this will addition- 
70 ally increase the interference level on the up-link UL as 
well as the signaling load in the network. Therefore, a 
load estimation according to the first condition "base 
station traffic load" when used in connection with the 
third condition "pilot strength below a predetermined 
is threshold" may cause more signalling due to the in- 
creased signaling in an air interface of the network. 
[0032] Therefore, the major disadvantage of the prior 
art trigger mechanisms is that some of the conditions 
cannot be used in synchronized or non-synchronized 
20 systems, that the lifetime of the battery is reduced and 
that the interference level on the up-link UL as well as 
the signaling load in the network is increased. The 
present invention exactly addresses these problems. 
[0033] Returning to Fig. 2, in response to an I F meas- 
es urement trigger signal IFTS (generated by the subscrib- 
er handover means HORM or the network handover 
means HORM), the subscriber station will perform IF 
measurements in a given time interval in step ST21 . As 
explained above, in order to perform a fast and reliable 
30 inter-frequency handover, it is advantageous to let the 
subscriber station MS perform signal quality measure- 
ments on a different frequency, e.g. in a target cell or in 
a different system, and to report these to the network 
control means RNC, such that the network control 
3S means RNC can base its handover decisions, as to 
which cell the subscriber station MS is to be handed 
over, on these reported signal quality measurements. 
As explained below, the performing of IF-measurements 
in the subscriber station MS is not a trivial task. For ex- 
40 ample, in CDMA and FDMA systems the receiver of the 
subscriber station MS is normally busy receiving infor- 
mation on the current frequency and thus some meas- 
urement time has to be created in some way in such 
systems in order to allow inter-frequency measure- 
45 ments without a drastic loss of data. Conventional meth- 
ods for determining a time interval in which field meas- 
urements are carried out will be described below as ref- 
erence to Fig. 3-1, 3-2, Fig. 4-1, 4-2 and Fig.6. 

[0034] As already discussed above with reference to 
so Fig. 3-1, in a CDMA communication system the data 
communication is performed by exchanging data 
frames FR consisting of a plurality of time slots TS1.. 
TS1 5. Each time slot comprises a control portion CP and 
a data portion DP. As described in the aforementioned 
55 reference [2] and as also indicated with step ST21 ' in 
Fig. 3-2 and in Fig. 3-1 , it also possible to carry out the 
data transmission in a compressed mode (also called 
slotted mode) in order to create some time for the IF 
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measurement. For this purpose the network control 
means RNC comprises a compressed mode setting 
means CMSM in which the data contained in the data 
portion DP is compressed, i.e. concentrated to a smaller 
part of the frame, resulting in an idle time portion ITR 
The subscriber station MS comprises a compressed 
mode determining means CMDM which determines i.e. 
realizes - being informed about the compressed mode 
of transmission via signalling or some information sent 
from the compressed mode setting means CMSM of the 
network control means RNC - the compressed mode of 
operation. If such a compressed mode of operation is 
detected, the subscriber station MS enters a com- 
pressed mode of operation and performs the IF meas- 
urements in the idle time IT in step ST21" in Fig. 3-2. 
[0035] In a CDMA system such a concentration of in- 
formation is achieved by reducing the processing gain 
G = chips/information bits = 1/SF, e.g. by decreasing the 
spreading factor SF. Another possibility how the concen- 
tration of information can be achieved is by changing 
the channel coding scheme, e.g. from r = 1/3 to r = 1/2. 
Due to the compressed mode of operation a time inter- 
val IT is generated in which the IF measurements can 
be carried out by the IF measurement means IFMM in 
the subscribed station MS, 

[0036] Fig. 4-1 and steps SC21 and ST21 show an- 
other possibility of how a time interval can be provided 
in which the field measurements can be carried out. In 
a GSM system, a specific time slot FMS of a frame con- 
sisting of a plurality of TDMA time slots TS1...TS-M is 
specified and the field measurements are carried-out in 
the portion FMR That is, in a GSM system a predeter- 
mined field measurement slot is provided in which no 
data is sent from the network control means or the base 
station transmitter to the subscriber station MS. 

[0037] A further approach how an idle time interval 
can be provided is described in reference [1 ] for the case 
when an inter-system handover should be carried-out. 
In this case, as illustrated in Fig. 6, the subscriber station 
MS does not perform any measurements on another 
system and instead the other system transmits a pseu- 
do-noise PN sequence which is received by the sub- 
scriber station MS on the same frequency on which the 
subscriber station MS already communicates. When the 
power of this PN sequence exceeds a predetermined 
threshold during a predetermined time, compared to 
other PN sequences, an inter-system handover is car- 
ried-out. 

[0038] As shown in Fig. 2 and in Fig. 3-1 , 4-1 , the net- 
work control means RNC triggers the mobile station and 
step ST13 to perform the IF measurements and it will 
also indicate to the subscriber statin MS on which fre- 
quency belonging to a different cell or a different system 
said IF measurements are to be carried-out. The sub- 
scriber station SS will report the IF measurements back 
to the network control means RNC within a predeter- 
mined time. Then, in step ST22, the network control 
means RNC will determine whether a handover to the 



selected frequency (cell or different system) is possible. 
If it is not possible, because for example a too high in- 
terference is detected on the new frequency, the net- 
work control means selects a new target cell (frequency) 
5 in step ST23 and the IF measurements are repeated by 
the subscriber station MS in step ST21. Furthermore, 
the network control means RNC can order the subscrib- 
er station MS to perform a periodic search or a single 
search. Such a procedure is for example described in 
10 reference [1 ] for a synchronized communication system. 
[0039] In some systems like CDMA 2000 the sub- 
scriber station MS not only reports the IF measurements 
back to the network control means, but it also indicates 
to the network control means RNC how long (time-wise) 
15 and when (the starting time) the subscriber station MS 
will be able for performing the desired I F measurements. 
If the network control means RNC has knowledge of the 
time-interval in which the subscriber station MS intends 
to perform the IF measurements, then the network con- 
trol means RNC can make some provisions to compen- 
sate for data frames, which would be sent by the network 
control means RNC, but which the subscriber station 
MS would not process in the time interval in which it per- 
forms the IF measurements. That is, actually data 
frames will get lost in the time period in which the sub- 
scriber MS performs the field measurements unless fur- 
ther provisions are made. 

[0040] One possibility is that the network control 
means RNC increases the power before or after the 
measurement time interval or the intervals. Since the er- 
ror rate is always evaluated over a plurality of data 
frames, such an increase of power before and after the 
measurement time interval enables to keep the overall 
quality for error rate to an average level which will not 
exceed the requirements of an average error rate. On 
the other hand, a similar situation occurs on the side of 
the subscriber station MS, i.e. it will not be possible for 
the subscriber station MS to transmit data frames in the 
measurement time interval. Therefore, also the sub- 
scriber station MS may compensate possible unsent 
frames by increasing the power before and after the de- 
termined measurement time interval. Therefore, on the 
side of the subscriber station MS and on the side of the 
network control means RNC the quality of the received 
is increased. However, the above described procedures 
(which are generally used in CDMA 2000 and IS'95) for 
providing a given time interval in which the mobile sta- 
tion MS is to carry-out field mesurements in step ST21 , 
the PN sequence transmission and the compensation 
for erased frames by increasing the power, still exhibit 
some major drawbacks when implemented in the sys- 
tem as explained below. 

[0041] In addition, the WCDMA procedure of carrying- 
out field measurements in connection with the com- 
pressed mode of operation has the following disadvan- 
tages, in particular for the system. If the spreading factor 
SF in the down link DL is reduced to provide the idle 
time interval IT in which the subscriber station MS is to 
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perform the field measurements on other systems, the 
available channelization codes are reduced. That is, the 
hard capacity for the CDMA system is decreased. 

[0042] On the other hand, if the channel coding rate 
is increased for a certain time period, a complicated s 
code-rate apparatus must be implemented in the net- 
work control means RNC, since a CDMA system can 
carry services with different coding schemes and differ- 
ent interleaving depths on the same radio link. 

[0043] Furthermore, the subscriber station MS has to 
increase its output power when measurements are per- 
formed due to the compressed mode operation, since 
the same data information is transmitted during a small- 
er time period, i.e. in the compressed data period. If the 
output power of the subscriber station MS and/or base 
transceiver station RBS would not be increased, the per- 
formance will be decreased. However, this requirement 
to increase the peak power of the subscriber station MS 
may imply a distance limitation if the subscriber station 
MS is already transmitting at its maximum output power. 
Furthermore, there is a higher risk to lose information, 
since the data field is not protected to the same extent 
when the coding rate is reduced. 

[0044] The procedure to use a PN sequence trans- 
mission as shown in Fig. 6 has the following disadvan- 
tages. In this case, all other existing mobile communi- 
cation systems have to be equipped with an apparatus 
which transmits a PN sequence which can be detected 
by the subscriber station MS. This will imply high costs 
for the operators (and thus forthe end users). Moreover, 
the PN sequence used in the other mobile communica- 
tion systems will interfere with the CDMA systems and 
will reduce the capacity as well as the quality of data 
transmission. 

[0045] The last mentioned method of increasing the 
power before and after the measurement time interval 
has the disadvantage that there is a high risk that a loss 
of frames due to the measurement time interval will de- 
teriorate the speech quality in situations where speech 
quality is already very low, when it is likely that the sub- 
scriber station MS wants to do an inter-frequency 
handover close to a cell border or when the cell (sector) 
exhibits a high load. 

[0046] Summarizing the above disadvantages of pro- 
viding a time interval for IF measurements according to 
the afore described prior art, such provisions of the 
measurement time interval will result in a decreased 
quality of service (e.g. due to loss of frames),' require a 
complicated system modification (due to the incorpora- 
tion of PN sequence generators), and will shorten the 
lifetime of the battery in the subscriber station MS (if the 
power is increased before and after the time interval). 

SUMMARY OF THE INVENTION 

[0047] As explained above, the above mentioned first 
to fourth conditions for triggering inter-frequency meas- 
urements in a mobile communication system are not 



generally applicable to all systems, i.e. to synchronized 
or non-synchronized systems. Furthermore, the lifetime 
of the battery is reduced. In addition, the interference 
level on the up-link as well as the overall signaling load 
in the network may be increased. The present invention 
aims at avoiding these disadvantages. 

[0048] In particular, the object of the present invention 
is to provide a subscriber station, a network control 
means, a method and a mobile communication system 
in which the inter-frequency measurements carried out 
by the subscriber station can be triggered without a re- 
duction of a battery consumption in the subscriber sta- 
tion and without increasing the signaling load in the net- 
work and the interference on the up-link connection. 
[0049] This object is solved by a subscriber station 
(claim 1) of a mobile communication system, which 
comprises at least one base transceiver station and a 
network control means for establishing at least one com- 
munication connection with said subscriber station, in- 
cluding an inter-frequency IF measurement means 
adapted to perform IF measurements, characterized by 
said IF measurement means being adapted to perform 
said IF measurements in response to a network IF 
measurement trigger signal transmitted and generated 
by an I F handover means of said network control means 
in response to a quality measurement means determin- 
ing that the transmission quality on the down-link of said 
communication connection drops under a predeter- 
mined quality measure. 

[0050] This object is also solved by a method (claim 
21) for triggering inter-frequency IF measurements in a 
subscriber station of a mobile communication system, 
which comprises at least one base transceiver station 
and a network control means for establishing at least 
one communication connection with said subscriber sta- 
tion, including an inter-frequency IF measurement., 
means adapted to perform said IF measurements, char- 
acterized by the steps of monitoring in said network con- 
trol means the transmission quality on the down-link of 
said communication connection; generating a network 
IF measurement trigger signal when said transmission 
quality drops under a predetermined quality measure 
and sending said generated network IF measurement 
trigger signal to said subscriber station; and performing 
said IF measurements by said IF measurement means 
in said subscriber station in response to said network IF 
measurement trigger signal. 

[0051] This object is also solved by a mobile commu- 
nication system (claim 37) comprising at least one sub- 
scriber station inclduingan inter-frequency IF measure- 
ment means adapted to perform said IF measurements 
and at least one base transceiver station and a network 
control means for establishing at least one communica- 
tion connection with said subscriber station, character- 
ized by said network control means comprising a quality 
measurement means adapted to monitor the transmis- 
sion quality on the down-link of said communication con- 
nection and a network IF handover means adapted to 
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generate a network IF measurement trigger signal when 
said transmission quality drops under a predetermined 
quality measure and to send said generated network IF 
measurement trigger signal to said subscriber station, 
wherein said IF measurement means is adapted to per- 
form said IF measurements in said subscriber station in 
response to said network IF measurement trigger sig- 
nal. 

[0052] This object is also solved by a network control 
means (claim 48) of a mobile communication system 
comprising at least one subscriber station including an 
inter-frequency measurement means adapted to per- 
form said IF measurements and at least one base trans- 
ceiver station for establishing at least one communica- 
tion connection with said subscriber station, character- 
ized by said network control means comprising a quality 
measurement means adapted to monitor the transmis- 
sion quality on the down-link of said communication con- 
nection and a network IF handover means adapted to 
generate a network I F measurement trigger signal when 
said transmission quality drops under a predetermined 
quality measure and to send said generated network IF 
measurement trigger signal to said subscriber station, 
wherein and said IF measurement means is adapted to 
perform said IF measurements in said subscriber station 
in response to said network I F measurement trigger sig- 
nal. 

[0053] According to a first aspect of the invention the 
IF measurements carried out by an IF measurement 
means in the subscriber station are started in response 
to a network IF measurement trigger signal transmitted 
and generated from the network control means in re- 
sponse to a quality measurement means in the network 
determining that the transmission quality on the down- 
link of the communication connection drops under a pre- 
determined quality measure. 

[0054] According to a second aspect of the invention 
a power measurement means PWM in the network con- 
trol means measures a tranmitted output power on 
down-link and the IF measurement trigger signal is gen- 
erated, when the transmitted output power on the down- 
link exceeds a predetermined power of said value. How- 
ever, advantageously also other parameters can be 
evaluated to detect a degradation of the transmission 
quality on the down-link. 

[0055] According to a third aspect of the invention, the 
IF measurement trigger signal is generated by the net- 
work control means only if the transmitted output power 
measured on the down-link by the power measurement 
means exceeds said predetermined power of said value 
longer than a predetermined time interval. Preferably, 
the power measurement on the down-link is carried out 
within the slow and fast power control carried out be- 
tween the network control means and the subscriber 
station when adjusting the transmission power. 

[0056] According to a fourth aspect of the invention, 
if several communication connections are established 
between the network and the subscriber station, the net- 



work IF measurement trigger signal is generated when 
the quality measurement means determines that the 
transmission quality on all down-links DL of all said com- 
munication connections drops under a respective pre- 
5 determined quality measure. As before the measure can 
be the measurement of power on the down-link. 

[0057] According to a fifth aspect of the invention a 
subscriber IF handover means transmits a subscriber 
IF measurement trigger signal or some measurements 
10 jn some form over the air-interface to the network control 
means and the network handover means will only gen- 
erate and transmit the network IF measurement signal, 
when the measurements in the subscriber IF measure- 
ment signal indicate the necessity for a handover and 
15 said quality measurement means determines that the 
transmission quality on the down-link of the communi- 
cation connection has dropped under said predeter- 
mined quality meaure. That is, based on the down-link 
quality measurement performed by the network and oth- 
er measurements from the subscriber station, the net- 
work can trigger the subscriber station to perform said 
IF measurements. 

[0058] According to a sixth aspect of the invention the 
network control means performs down-link quality 
measurements on the down-link and receives additional 
information, for example the total up-link interference 
level from the network and the network control means 
only issues the network interfrequency trigger signal if 
all measurements and conditions indicate the need for 
IF measurements. 

[0059] According to a seventh aspect of the invention 
the outputting of the network I F measurement signal can 
additionally be made dependent on the conditions "base 
station traffic load exceeded", "distance limits exceed- 
ed", "pilot strength below a predetermined threshold" 
and "power level exceeded" in addition to being depend- 
ent on the down-link quality measurements. 

[0060] In all aforementioned aspects the subscriber 
station does not need to perform measurements for trig- 
gering an inter-frequency or inter-system handover. 
That is, all this is carried out autonomously in the net- 
work control means by monitoring the down-link quality 
on the down-link of the communication connection. 
Therefore, there will be no signaling over the air-inter- 
face and the subscriber station has no need to report 
any measurements to the network control means, which 
thus increases the lifetime of the battery. 

[0061] Further advantageous embodiments and im- 
provements of the invention may be taken from the de- 
pendent claims. 

Furthermore, the invention can comprise embodiments 
resulting from a combination of aspects and features 
which have been separately described and/or claimed 
in the description and/or the attached claims. 

[0062] Hereinafter, embodiments of the invention will 
be described with reference to the attached drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] 

Fig. 1 shows a principal overview of a telecom- 

munication system TELE comprising at 
least two different mobile communications 
systems T1 , T2 according to the prior art; 

Fig. 2 shows a flow chart for performing an inter- 
frequency and/or inter-system handover in 
the .telecommunication system TELE 
shown in Fig. 1 ; 

Fig. 3-1 shows the constitution of data frames and 
time slots when a compressed mode of op- 
eration is used; 

Fig. 3-2 shows a flow chart similar to Fig. 2 when a 
compressed mode of operation is used as 
shown in Fig. 3-1; 



er incorporating a step ST111, ST121, 
ST131 according to the invention; and 

Fig. 9 shows a diagram similar to Fig. 5b where a 
s power limit value P, jmjt is used according to 

the invention. 

[0064] It should be noted that throughout the drawings 
the same or similar reference numerals designate the 
io same or similar steps and features. In particular, the 
units described for a conventional subscriber station MS 
and a conventional network control means RNC in Fig. 
2 are also present in the embodiments of the invention. 
Furthermore, it should be noted that the invention is not 
is restricted to the specific CDMA, WCDMA, D-AMPS or 
GSM systems decribed above. That is, the invention can 
be applied to any telecommunications system where a 
handover needs to be performed between frequencies, 
cells and different systems. ~ 

20 

PRINCIPLE OF THE INVENTION 



Fig. 4-1 shows the provision of a field measurement [0065] It should be noted that the triggering of IF 

time slot in a conventional TDMA mobile measurements in connection with handover procedures 

communication system such as GSM; 2 S are carried in general in both cases when a communi- 

cation connection CC is set up or when merely a sign- 
Fig. 4-2 shows a flow chart similar as in Fig. 3-2 for aling connection has been set up with the mobile station 

the case when IF measurements are car- MS in a non-active mode of operation. That is, the need 

ried out in a specific IF measurement time for a cell update may exist when the mobile station MS 

slot as shown in Fig. 4-1 ; so is merely registered in the network and does not initiate 

- a call (or when no call is pending for the mobile station 

Fig. 5a shows a diagram illustrating a power ad- MS at the network control means). 

justment procedure between a subsriber [0066] Although hereinafter the quality measurement 
station MS and a node B (base transceiver will be described with reference to the quality on a down- 

station RBS) according to the prior art; 35 link of a communication conenction, it may be noted that 

a similar procedure can be used fot determining the 
Fig. 5b shows the stepwise adjustment of the out- quality on the down-link of a signalling communication, 

put power on the downlink DL; for example by monitoring the strength of a paging flag 

sent by the paging flag sending means PFM of the net- 
Fig. 5c shows a slow power control and a fast pow- *o work control means. However, since one of the core as- 

er control resulting in the stepwise change pects is that only the network control means carries out 

of the output power in Fig. 5b; and decisions regarding the triggering of the IF measure- 

ments, hereinafter it will be assumed that a communi- 
Fig. 5d shows the mapping of a measured frame cation connection has already been set up between the 

error rate FER or block error rate BLER to *s mobile station MS and the network control means RNC 
a delta_SIR_target value; (radio network controller). 

[0067] Fig. 7 shows a principle block diagram of a mo- 
Fig. 6 shows a diagram for illustrating a handover bile communication system T 1 according to the inven- 

procedure in connection with the transmis- tion. In addition to the units already described in Fig. 1 

sion of PN sequences from a PN sequence so according to the prior art, the network control means 
generator PNG for inter-system hando- RNC comprises a quality measurement means QMM 

vers; adapted to monitor the transmission quality on the 

down-link of the communication connection, a power 
Fig. 7 shows a principle block diagram of a sub- measurement means PMM for measuring the transmit- 

scriber station MS and a network control ss ted output power on the downlink, a power control 
means RNC according to the invention; means PAM which generates the power offset value P ofT , 

the upper threshold P up , the lower threshold P DWN and 
Fig. 8 shows a flow chart similar to Fig. 2, howev- a time interval signal TINT indicating a predetermined 
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measurement interval and a power limit value P| }mjl . The plained before, this can be done completely autono- 
power control means PAM may cooperate with a cali- mously by the network control means RNC. 

bration means CAL for calibrating the values P off , P up , [0072] Hereinafter several embodiments of the inven- 

P DWN- Optionally, the network control means RNC con- tion will be described with reference to the aspects how 

tains a time interval determining means TIDM. s the quality can be measured on the down-link of the 

[0068] A shown in Fig. 8, the principal idea of the in- communication connection in order to output the net- 

vention is that in said ST111 the quality measurement work IF measurement signal NIFTS to the subscriber 

means QMM monitors the transmission quality on the station MS. 

down-link DL of the communication connection CC and 

the network IF handover means receives a quality signal io FIRST EMBODIMENT OF THE INVENTION 
QS from the quality measurement means QMM. This 

quality signal QS indicates to the network IF handover [0073] According to a first aspect of the first embodi- 

means HORM whether the determined transmission ment of the invention the quality measurement compris- 

quality on the down-link is lower than a predetermined es the measuring of the transmitted output power P out 

quality measure QoS-MS which is also supplied to the is on the down-link DL from the network control means to 
quality measurement means QMM (see fig. 7). the subscriber station. For example, the power meas- 

[0069] If in step ST121 it is determined by the quality urement means PMM measures the transmitted output 

measurement means QMM that the detected down-link power P out on the down-link in step ST111 and the net- 

quality is under the threshold quality QoS-MS, than the work IF measurement trigger signal NIFTS is generated 

quality signal QS will indicate this condition to the 20 j n step ST131 by the network IF handover means 
handover means HORM such that in step ST132 the HORM when the measured transmitted output power on 

handover means HORM outputs the network IF trigger the down-link preset by the power adjustment module, 

signal IFTS. When the IF measurement means IFM in Therefore, the power measurement means PMM out- 

the subscriber station MS receives this trigger signal puts a transmission power signal TP DL exceeds a pre- 

NIFTS, it will start performing IF measurements in said 25 determined power limit value P, irnit which is indicating 
IF measurement means IFMM in step ST21 as alredy the measured output power P out to the quality measure- 

discussed with respect to Fig. 2 above. The other steps ment means QMM and the predetermined power limit 

in Fig. 8 are the same as in Fig. 2. value P| jmit can for example be constituted by the quality 

[0070] As explained above, since only the network measurement signal QoS-MS or it can be supplied to 

control means RNC (the quality measurement means 30 the quality measurement means QMM by the power ad- 
QMM) must perform quality measurements on the justment module PAM as was explained above with ref- 

down-link, the use of the subscriber station battery will erence to Fig. 5. Fig. 9 shows a diagram similar to Fig. 

be reduced and there is no additional interference in the 5b where this power limit value P, jmlt is shown to be set 

up-link and the signaling load in the network is not in- preferably between P off and P up . 

creased since the subscriber station does not need to 35 [0074] According to another aspect of the first embod- 
report the received signals strength to the network in or- iment of the invention, the network IF measuement trig- 

der to trigger an inter-frequency or inter-system hando- ger signal NIFTS is only generated by the IF handover 

ver. That is, due to the inventive procedure for triggering means if the measured transmitted output power on the 

the IF measurements, there will be no additional signal- down-link DL exceeds the predetemined power limit val- 

ing over the air-interface. 40 ue P| imit (e.g. contained in the QoS-MS signal) longer 

[0071] Of course, accordingtothe prior art, itisalways than a predetermined measurement interval TINT (this 

easy to monitor the transmission quality in the subscrib- interval is also called the Time-To-Trigger interval). Such 

er station, i.e. by monitoring the strength of a pilot signal a predetermined measurement interval can be indicated 

contained in a control portion of the transmission frame. to the quality measurement means QMM from the power 

However, in this case, as explained before, the subscrib- 45 adjustment module PAM or from the power measure- 
er station must report such measurements to the net- ment means PMM. 

work control means RNC which thus increases the in- [0075] Typically the predetermined measurement in- 
terference on the up-link of the communication connec- terval TINT is a number of frames, for example in a CD- 

tion CC and the overall load in the network. On the other MA system the predetermined measurement interval 

hand, accordingtothe principle of the invention, it was so may be 10 to 100 frames. On the other hand, in a TDMA- 
realized by the inventors, that in a typical WCDMA, CD- system (e.g. a GSM-system) a predetermined measure- 

MA, TDMA communication systems the quality of the ment interval may be as long as 28 to 120 frames. In a 

down-link connection (which can bo measured even WCDMA system the predetermined measurement inter- 
com the network control side) can be used since the val TINT may be 10 to 20 frames, 

transmission conditions, even when they are measured ss [0076] It may also be noted that the aforementioned 
on the network side, are a reflection of the current trans- quality measurement procedure or power transmission 

mission conditions between the subscriber station MS measurement on the down-link can be performed for 

and the network control means RNC However, as ex- each of several communication connctions between 
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one or several base stations BS and the subscriber sta- 
tion MS. In this case, the network IF measurement trig- 
ger signal NIFTS is generated by said network IF hando- 
ver means NORM when the quality measurement QMM 
determines that the transmission quality on all down- s 
links DL of all said communication connections CC drop 
under a predetermined quality measure. For example, 
the network IF measurement trigger signal NIFTS is 
generated when the transmitted output power on all 
down-links exceeds a predetermined threshold power 
or exceeds the power limit value P,j mU for a predeter- 
mined measurement interval. It is also possible to set 
different power limit values P (jni j t and different predeter- 
mined measurement intervals TINT for the different 
communication connections. 

[0077] As explained above, for the case of one or sev- 
eral communication links between the base transceiver 
station RBS and the subscriber station MS a predeter- 
mined power limit value Pji mjl can be used against which 
the determined transmitted output power on the down- 
link DL is compared. Such a power limit value P| jmit can 
be the threshold value P off used in connection with a 
slow and fast power control as explained above with ref- 
erence to Fig. 5. 

[0078] As explained above, the power offset value P off 
can be dependent on a slow power control and said up- 
per and lower power thresholds P up ; P^ can be vari- 
able dependent on a fast power control respectively car- 
ried out by said power adjustment means PAM of said 
network control means RNC. Therefore, the offset pow- 
er as well as the output power interval can be changed 
due to new conditions in the system. It should be noted, 
that the aforementioned power values are set for the 
down-link and present - when compared with the trans- 
mitted power - a measu re of the transmission conditions 
on the down-link. However, since the power values are 
used in a slow and fast power control on the down-link, 
the power values are not exclusively dependent on the 
network side, but also incorporate effects on the sub- 
scriber station SS. 

[0079] As shown in Fig. 7, the power adjustment 
means PAM may cooperate with a calibration means 
CAL for adjustingthe power values. In particular, the cal- 
ibration means CAL calibrates each power step within 
the range determined by the upper and lower power 
thresholds P up , P^ and said variable power offset val- 
ues to predetermined (beforehand known) values. 

SECOND EMBODIMENT OF THE INVENTION 

[0080] As explained above, according to the first em- 
bodiment of the invention, down-link quality measure- 
ments (e g. the transmitted power from the node B are 
performed by the network control means in order to out- 
put the network IF measurement trigger signal NIFTF. 
However, it is possible that the network handover means 
HORM outputs the trigger signal NIFTS also on the ba- 
sis of some measurements performed in the subscriber 



station MS. 

[0081] In this case, it is possible that the subscriber 
handover means HORM independently performs meas- 
urements regarding the need for handover and the IF 
measurement means IFMM only starts the IF measure- 
ments when the network trigger signal NIFTS as well 
the subscriber trigger signal SIFTS are generated. 
[0082] On the other hand, it is also possible that the 
subscriber IF handover means HORM transmits the 
subscriber IF measurement trigger signal SIFTS to said 
network control means RNC. That is, the subscriber sta- 
tion SS transmits in the subscriber IF measurement trig- 
ger signal SIFTS measurements which have been per- 
formed on the side of the subscriber station. In this case, 
the network control means RNC also processes the sub- 
scriber trigger signal SIFTS (as shown in Fig. 7 with the 
input of SIFTS to the handover means HORM) and gen- 
erates and transmits the network IF measurement sig- 
nal NIFTS only when the measurements in the subscrib- 
er trigger signal SIFTS indicate the necessity for a 
handover and the quality measurement means deter- 
mine that the transmission quality on the down link of 
said communication connection has dropped under said 
predetermined quality measure as discussed above. 
[0083] Therefore, according to the second embodi- 
ment of the invention the network control means triggers 
the subscriber station MS to perform inter-frequency/in- 
ter-system measurements on the basis on the down link 
quality measurements performed by the network control 
means and other measurements performed in the sub- 
scriber station MS. This eventually results in a more ac- 
uarate generation of the trigger signal, although the 
measuremehtswill have to be reported to the network 
control means on the up link UL and therefore the inter- 
ference level on the up link UL is increased. 

[0084] On the other hand, the network control means 
RNC already bases a part of the trigger signal genera- 
tion on the down link quality and therefore only a small 
amount of additional information (subscriber measure- 
ments) need to be transmitted from the subscriber sta- 
tion to the network control means RNC. Therefore, the 
additional interference on the up link and the increase 
of the overall load in the communication system will be 
small. Typical measurements which can be carried out 
by the subscriber station MS are those described above 
with respect to the conventional four trigger conditions. 

THIRD EMBODIMENT OF THE INVENTION 

[0085] According to a third embodiment of the inven- 
tion, the network control means RNC generates the net- 
work IF measurement trigger signal NIFTS if the meas- 
urements reported in the subscriber IF measurement 
trigger signal SIFTS from the subscriber station MS in- 
dicate the need for a handover (as in the second em- 
bodiment) if said quality measurement means QMM de- 
termines that the transmission quality on the down link 
DL of said communication connection has dropped un- 
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der said predetermined quality threshold (as in the first 
and second embodiments) and if in addition additional 
system information IL; TDLP provided in the network 
control means RNC also indicate handover. 

[0086] That is, according to the third embodiment the 
network trigger signal NIFTS is generated based on the 
down link quality measurements performed by the qual- 
ity measurement means QMM, additional system infor- 
mation as well as other measurements from the sub- 
scriber station. Preferably, such additional system infor- 
mation can be the total up link interference level IL of 
the communication connection CC between the sub- 
scriber station SS and the network control means RNC 
or the base transceiver station RBS and/or the total 
down link output power TDLP (in Fig. 7 these parame- 
ters are shown as input to the handover means HORM). 
If the quality measurements, the additional system in- 
formation and the subscriber station measurements in- 
dicate the need for a handover, the network control 
means RNC according to the third embodiment of the 
invention triggers the subscriber station MS to perform 
inter-frequency/inter-system measurements. 

FOURTH EMBODIMENT OF THE INVENTION 

[0087] As explained above, according to the principle 
of the invention the quality of the transmission condi- 
tions on the down link is used as a measure for triggering 
the subscriber station to perform IF measurements. Ac- 
cording to the first embodiment of the invention such a 
quality measure is constituted by the transmitted output 
power on the down link. 

[0088] According to the second and third embodi- 
ments of the invention additional information is used for 
generating the trigger signal in the network control 
means. The additional information provided in the net- 
work control means RNC may be the total up link inter- 
ference level IL of the communication connection CC 
and/or the total down link output power TDLP In the sim- 
plest case, the measurements carried out in the sub- 
scriber station MS can be an average filtering of a pilot 
channel during a predetermined time. 

[0089] However, other conventional criteria as ex- 
plained above with reference to Figs. 1 - 5 may be used 
in the embodiments of the invention. 

[0090] For example, the additional information provid- 
ed in the network controls means RNC may relate to the 
“base station traffic load" referred to as first condition 
above. That is, the network IF handover means HORM 
may determine the necessity for handover also on the 
basis of a supervision of the loads at all base stations 
RBS in the network. 

[0091] Furthermore, regarding the measurements in 
the subscriber station and the additional system infor- 
mation, the subscriber handover means HORM and/or 
the network handover means HORM can determine the 
necessity for handover additionally also on the basis of 
a supervision of the distance D between a base station 



RBS and the subscriber station MS which has been re- 
ferred to above as the second condition "a distance lim- 
its exceeded". 

[0092] Furthermore, the network trigger signal Nl FTS 
5 can also be generated additionally on the basis of the 
third condition "pilot strength below a predetermined 
threshold". In this case, in addition to the determining of 
the down link quality, the trigger signal NIFTS is gener- 
ated, when the subscriber IF handover means HORM 
io and/or said network IF handover means HORM deter- 
mine the necessity for a handover on the basis of a su- 
pervision of a measured pilot signal strength PLT (as 
shown as input to the network handover means HORM 
in Fig. 7). The trigger signal is only generated, when the 
15 quality on the down link drops below a predetermined 
measure and if the measured pilot signal strength falls 
below a predetermined power threshold. 

[0093] Furthermore, it is also possible that the sub- 
scriber handover means HORM and/or the network 
handover means HORM determine the necessity for a 
handover on the basis of an output by a network super- 
vision means PAM that in response to a power increase 
command by a base station BS a subscriber station 
power adjustment module PAM is unable to further in- 
crease the power on the up link of said communication 
connection CC. This additional condition has been re- 
ferred to as the fourth condition "power level exceeded" 
above. 

[0094] Such additional decision criteria determined in 
the subscriber station and/or the network control means 
RNC can be used in connection with the principle of the 
invention and in connection with the first, second and 
third embodiments. 

[0095] Furthermore, it should be noted that a skilled 
person can devise other criteria for determining the 
down link quality and that the determination of the down 
link on the basis of the evaluation of the down link trans- 
mitted power is only one of the methods how the quality 
on the down link can be determined. Other measures 
like the bit error rate or the interference level on the down 
link may also be used. The common aspect amongst all 
these quality measurement procedures is that they can 
be carried out autonomously in the network control 
means without needing additional information from the 
subscriber station. That is, all information in addition to 
the down link quality measurement (such as network in- 
ternal information or measurements transmitted from 
the subscriber station) are only used additionally to 
make the trigger signal generation even more accurate. 

ADDITIONAL EMBODIMENTS OF THE INVENTION 

[0096] As explained above with reference to Fig. 2, 
after having been triggered the IF measurement means 
IFMM in the mobile station MS carries out the field 
measurements in step ST21 in a given time interval. 
Such a time interval may start immediately after receipt 
of the network trigger signal NIFTS in the subscriber sta- 
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tion MS. However, there may also be a delay after re- 
ceipt of the trigger signal because a suitable time inter- 
val has not been determined as yet or a determined time 
interval has not started. However, the determination of 
the time interval mentioned in these two patent applica- 
tions can be used in connection with the generation of 
the trigger signal as described in the present application. 
Therefore, the content of these two European applica- 
tions are incorporated into the present application via 
reference. 

[0097] Briefly summarized, the following possibilities 
exist for a suitable determination of the field measure- 
ment time interval. The subscriber station MS can con- 
tain a data transmission determining means DTDM 
adapted to determine a predetermined time interval in 
which a base transceiver station RBS will not direct to 
a said subscriber station MS a data transmission, 
wherein said IF measurement means IFMM is adapted 
to perform said IF measurements in said predetermined 
time interval after said network IF measurement trigger 
signal is received. 

[0098] One example how the data transmission de- 
terming means DTDM can determine this time interval 
is by determining the power ratio of the information con- 
tained in the data portion DP to the information con- 
tained in the control portion CP of one or more data 
transmission frames FR. A power estimation means is 
adapted to determine that no data transmission will take 
place in a time interval corresponding to a predeter- 
mined number of data slots following the output of said 
IF measurement trigger signal if said power ratio is be- 
low a predetermined power ratio in one or more data 
slots or data frames. 

[0099] That is, in this case some time slots or data 
frames after receipt of the trigger signal will be evaluated 
such that the time interval in which the measurements 
are carried out will start a little later than the receipt of 
the trigger signals. 

[0100] If only a signalling communication exists be- 
tween the subscriber station MS and the network control 
means RNC then it is also possible to monitor the trans- 
mission of a paging flag in the subscriber station MS. If 
no paging flag is transmitted then the subscriber station 
MS judges that the network is not about to perform a 
data transmission. Therefore, at each time point where 
the signalling communication is monitored and no pag- 
ing flag is detected, the subscriber station sets a prede- 
termined number of time slots or data frames as the pre- 
determined time interval. 

[0101] In this case, it is also possible that the IF meas- 
urements carried out in the subscriber station are not 
only carried out in the predetermined time interval, but 
also in a idle time interval IT of a data frame FR when 
the transmission between the network and the subscrib- 
er station MS is carried out in a compressed mode of 
operation. In this case, carrying out data transmission 
in said compressed mode after receiving the network 
trigger signal, the predetermined time interval used for 



the IF measurements corresponds to a number of data 
slots or frames where no data transmission takes place 
(as determined by the data transmission determining 
means DTDM) and a number of idle time portions of data 
s frames or slots where data transmission is carried in a 
compressed mode. 

[0102] Whilst in the aforementioned examples the 
time interval is determined by the subscriber station af- 
ter receiving the trigger signal from the network, it is also 
io possible that the network control means ifself transmits 
an indication to the subscriber station about the time in- 
terval which should be used for the IF measurements. 
[0103] In particular, the network IF measurement trig- 
ger signal NIFTS or a further control signal from the net- 
work control means RNC can indicate the time interval 
in which said subscriber station is to carry out said IF 
measurements. Since the trigger signal needs to be sent 
to the subscriber station MS in order to trigger the sub- 
scriber station MS, it is advantageous to contain the in- 
20 dication of the time interval in the trigger signal such that 
the subscriber station MS is immediately informed - to- 
gether with the triggering - about the time interval which 
should be used for the IF measurements. 

[0104] The network control means RNC can autono- 
25 mously determine the time interval to be used for the IF 
measurements as a time interval in which a temporary 
degradation of the transmission conditions between the 
subscriber station MS and the base transceiver station 
RBS is determined as acceptable. Such a temporary re- 
30 duction of the quality of service may be determined be- 
cause of a deletion of data during a delay-sensitive data 
transmission between the subscriber station MS and the 
base transceiver station RBS. If such a deletion is nec- 
essary, then the subscriber MS and the network control 
35 means RNC will respectively increase a transmission 
power on the down link DL and the up link UL on the 
communication connection before the beginning of said 
predetermined time interval and/or after the end of said 
predetermined time interval. 

40 [0105] Since the first embodiment of the present in- 

vention already monitors the transmitted power on the 
down link in order to generate the trigger signal, this can 
be advantageously coupled with the determination of 
the time interval on the basis ol a temporary reduction 
is of the quality of transmission, since the network control 
means RNC can combine the measurement of the 
transmitted power for generating the trigger signal with 
the determination of the time interval. 

SO INDUSTRIAL APPLICABILITY 

[01 06] As explained above, the generation of the trig- 
ger signal according to the present invention can be ap- 
plied to any mobile communication system comprising 
55 at least one communication network, independent of the 
transmission standard used. Therefore, the present in- 
vention can be used in the context of GSM, PDS, TACS 
or D-AMPS systems-or combinations of two or more of 
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the systems. Of course, if a handover to a system with 
a different standard is required, the subscriber station 
MS as described above will be able to operate according 
to both standards (e.g. dual-mode-operation). 

[0107] Furthermore, it should be noted that what has s 
been described above is what the inventors currently 
perceive as the best mode of the invention. However, of 5. 
course further modifications and variations of the inven- 
tion are possible on the basis of the teaching herein and 
the presented disclosure. As explained above, the in- io 
vention may comprise embodiments which result from 
a combination of features which have been separately 
described in the description and claimed in the claims. 

[0108] Reference numerals in the claims only serve 
clarification purposes and do not limit the scope of pro- is 
tection. 



Claims 

1 . Subscriber station (MS) of a mobile communication 
system (GSM; WCDMA), which comprises at least 
one base transceiver station (RBS) and a network 
control means (RNC) for establishing at least one 
communication connection (CC) with said subscrib- 
er station (MS), including an inter-frequency (IF) 
measurement means (I FMM) adapted to perform I F 
measurements, 

characterized by said IF measurement means 
(IFMM) being adapted to perform said IF measure- 
ments in response to a network IF measurement 
trigger signal (NIFTS) transmitted and generated by 
an IF handover means (HORM) of said network 
control means (RNC) in response to a quality meas- 
urement means (QMM) determining (NEHO) that 
the transmission quality on the down-link (DL) of 
said communication connection (CC) drops under 
a predetermined quality measure (QoS-MS). 



20 6 . 
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30 
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2. Subscriber station (MS) according to claim 1 , 40 

characterized in that 

said network IF measurement trigger signal 
(NIFTS) indicates that a transmitted output power 8. 
measured on the down-link (DL) by a power meas- 
urement means (PMM) exceeds a predetermined 45 
power limit value (Plimit). 



3. Subscriber station (MS) according to claim 2, 
characterized in that 

said network IF measurement trigger signal so 
(NIFTS) indicates that said transmitted output pow- 
er measured on the down-link (DL) by said power 
measurement means (PMM) exceeds said prede- 
termined power limit value (Plimit) at least for a pre- 
determined measurement interval (TINT). 55 

4. Subscriber station (MS) according to claim 2 or 3, 

characterized in that .. _ 



a power adjustment means (PAM) presets for the 
donwlink (DL) a predetermined power offset value 
(Poff) as well as an upper and lower threshold value 
(PUP; PWN) within which said measured down-link 
power is allowed to vary. 

Subscriber station (MS) according to claim 2 or 3, 
characterized in that 

said power offset value (POFF) is variable depend- 
ent on a slow power control, and said upper and 
lower threshold values (PUP; PDWN) are variable 
dependent on afast power control, respectively car- 
ried out by said network control means (RNC), 
wherein a calibration means (CAL) is adapted to 
calibrate each power step within the range deter- 
mined by the upper and lower thresholds (PUP; PD- 
WN) and said variable power offset values (POFF) 
to predetermined values. 

Subscriber station (MS) according to claim 1, 
characterized in that 

at least two communication connections (CC) are 
established between several base station trans- 
ceivers (RBS) and said subscriber station (MS), 
wherein said network IF measurement trigger sig- 
nal (NIFTS) is generated by said network handover 
means (HORM) when said quality measurement 
means (QMM) determines that the transmission 
quality on all down-links (DL) of all said communi- 
cation connection (CC) drops under a respective 
predetermined quality measure (QoS-MS). 

Subscriber station (MS) according to claim 1 , 
characterized by 

a subscriber handover means (HORM) for perform- 
ing measurements for generating a subscriber IF 
measurement trigger signal (SIFTS), wherein said 
IF measurement means (IFMM) is adapted to start 
said IF measurements only when said network trig- 
ger signal (NIFTS) and said subscriber trigger sig- 
nal (SIFTS) are generated. 

Subscriber station (MS) according to claim 7, 
characterized by 

said subscriber handover means (HORM) transmit- 
ting to said network control means (RNC) said sub- 
scriber IF measurement trigger signal (SIFTS) indi- 
cating said measurements, wherein said network 
handover means (HORM) generates and transmits 
said network IF measurement signal (NIFTS) only 
when said measurements in said subscriber IF 
measurement trigger signal (SIFTS) indicate the 
necessity for a handover and said quality measure- 
ment means (QMM) determines (NEHO) that the 
transmission quality on the down-link (DL) of said 
communication connection (CC) has dropped un- 
der said predetermined quality threshold (QoS-TH). 
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10. Subscriber station (MS) according to claim 7-9, 
characterized in that 

said subscriber handover means (HORM) is adpat- 
ed to perform measurements by an average filtering 
of a pilot channel during a predetermined time. 

11. Subscriber station (MS) according to claim 9, 
characterized in that 

said additional information is a total uplink (UL) in- 
terference level (SIR) of the communication con- 
nection and/or the total down-link output power. 

12. Subscriber station (MS) according to claim 7-9, 
characterized in that 

said network handover means (HORM) is adapted 
to determine the necessity for a handover on the 
basis of a supervision of the loads at all base sta- 
tions (BS) in the network (Base station Traffic 
load). 

13. Subscriber station (MS) according to claim 7-9, 
characterized in that 

said subscriber handover means (HORM) and/or 
said network handover means (HORM) are adapted 
to determine the necessity for a handover on the 
basis of a supervision of the distance between a 
base station (BS) and the subscriber station (MS) 
(Distance limits exceeded). 

14. Subscriber station (MS) according to claim 7-9, 
characterized in that 

said subscriber handover means (HORM) and/or 
said network handover means (HORM) are adapted 
to determine the necessity for a handover on the 
basis of a supervision of a measured pilot signal 
strength falling below a predetermined power 
threshold (Pilot strength below a predefined 
Threshold). 

15. Subscriber station (MS) according to claim 7-9, 
characterized in that 

said subscriber handover means (HORM) and/or 
said network handover means (HORM) are adapted 



to determine the necessity for a handover on the 
basis of a supervision that in response to a power 
increase command by a base station (BS), a sub- 
scriber station power adjustment module (PAM) is 
unable to further increase its power on the uplink of 
said communication connetion (CC) (Power level 
exceeded). 

16. Subscriber station (MS) according to claim 1 , 
characterized by a data transmission determining 
means (DTDM) adapted to determine a predeter- 
mined time interval in which a base transceiver sta- 
tion (RBS) will not direct to said subscriber station 
(MS) a data transmission, wherein said IF measure- 
ment means (IFMM) is adapted to perform said IF 
measurements in said predetermined time interval 
after said network IF measurement trigger signal is 
received. 

17. Subscriber station (MS) according to claim 16, 
characterized in that 

a transmission of data is carried out on said com- 
munication connection (CC) via said transmission 
frames (FR) consisting of a control portion (CP) and 
a data portion (DP), wherein said data transmission 
determining means (DTDM) is adapted to deter- 
mine the power ratio of the information contained in 
the data portion (DP) to the information contained 
in the control portion (CP) and comprises power es- 
timation means adapted to determine that no data 
transmission will take place in a time interval corre- 
sponding to a predetermined number of data slots 
following the output of said IF measurement trigger 
signal, if said power ratio is below a predefined pow- 
er ratio. 

18. Subscriber station (MS) according to claim 16, 
characterized by 

a non-active mode operation means (SOM) adapt- 
ed to hold the subscriber station (MS) in a non-ac- 
tive operation mode in which at least a signalling 
communication is established between said sub- 
scriber station (MS) and said base transceiver sta- 
tion (RBS), and a paging flag monitoring means 
(PFMM) adapted to monitor the transmission of a 
paging flag (PF) from said base transceiver station 
(RBS) to said subscriber station (MS), wherein, 
when said paging flag monitoring means (PFMM) 
determines no transmission of said paging flag 
(PF), said data transmission determining means 
(DTDM) determines that a data transmission will not 
take place in a time interval corresponding to a pre- 
determined number of data slots after detecting 
said paging flag (PF). 

19. Subscriber station (MS) according to claim 1, 
characterized in that 

said data transmission between said subscriber 



9. Subscriber station (MS) according to claim 8, 
characterized by 

said network IF measurement trigger signal 
(NIFTS) is generated only if said measurements re- 
ported in said subscriber IF measurement trigger 5 
signal (SIFTS) from said subscriber station (MS) in- 
dicate a handover, said quality measurement 
means (QMM) determines (NEHO) that the trans- 
mission quality on the down-link (DL) of said com- 
munication connection (CC) has dropped under io 
said predetermined quality threshold (QoS-TH), 
and additional system information provided in the 
network control means (RNC) also indicate a 
handover. 

is 



20 



25 



30 



35 



40 



45 



SO 



55 



JSDOCID: <EP 1081977A1J_> 



15 




29 



EP 1 081 977 A1 



30 



station (MS) and said base transceiver station 
(RBS) is carried out in a compressed mode by com- 
pression of transmission data in said data portion 
(DP) in at least one time slot such that an idle time 
interval is provided in said time slot where no data 
transmission occurs, wherein said subscriber sta- 
tion (MS) contains a compression-mode detection 
means (CMDM) for detecting data transmission in 
said compressed mode and wherein said predeter- 
mined time interval corresponds to a number of data 
slots where no data transmission takes place and 
a number of idle time portions of data slots where 
data transmission is carried in a compressed mode. 

20. Subscriber station (MS) according to claim 1 , 
characterized in that 

said network IF measurement trigger signal 
(NIFTS) or a further control signal from the network 
control means (RNC) indicates a time interval in 
which said subscriber station is to carry out said IF 
measurments. 

21 . Method for triggering inter-frequency (I F) measure- 
ments (ST21 , ST21 \ ST21"; ST21'"; ST21”) in a 
subscriber station (MS) of a mobile communication 
system (GSM; WCDMA), which comprises at least 
one base transceiver station (RBS) and a network 
control means (RNC) for establishing at least one 
communication connection (CC) with said subscrib- 
er station (MS), including an inter-frequency (IF) 
measurement means (IFMM) adapted to perform 
said IF measurements, characterized by the steps 
of monitoring (ST 1 1 1 ) in said network control means 
(RNC) the transmission quality on the down-link 
(DL) of said communication connection (CC); gen- 
erating (ST111) a network IF measurement trigger 
signal (NIFTS) when said transmission quality 
drops (ST121) under a predetermined quality 
measure (QoS-MS) and sending (ST 1 31 ) said gen- 
erated network IF measurement trigger signal 
(NIFTS) to said subscriber station (MS); and per- 
forming (ST21) said IF measurements by said IF 
measurement means (IFMM) in said subscriber sta- 
tion (MS) in response to said network IF measure- 
ment trigger signal (NIFTS). ' 

22. Method according to claim 21 , 
characterized in that 

a transmitted output power (TP) on the down-link 
(DL) is measured (ST 1 1 1 ) on the down-link (DL) by 
a power measurement means (PMM) and said net- 
work IF measurement trigger signal (NIFTS) is gen- 
erated (ST 1 31 ) when said transmitted output power 
on the down-link (DL) exceeds a predetermined 
power limit value (Plimit). 

23. Method according to claim 22, 
characterized in that 



said network IF measurement trigger signal 
(NIFTS) is generated (ST131) if said transmitted 
output power measured on the down-link (DL) by 
said power measurement means (PMM) exceeds 
said predetermined power offset value (POFF) 
longer than a predetermined measurement interval 
(TINT). 

24. Method according to claim 22 or 23, 
characterized in that 

said quality measurement means (QMM) presets 
for the donwlink (DL) a predetermined power offset 
value (Plimit) as well as an upper and lower thresh- 
old values (PUP; PDWN) within which said meas- 
ured down-link power is allowed to vary. 

25. Method according to claim 22 or 23, 
characterized in that 

said power offset value (POFF) is variable depend- 
ent on a slow power control (PCTL), and said upper 
and lower power thresholds (PUP; PDWN) are var- 
iable dependent on a fast power control (PCTL), re- 
spectively carried out by a power adjustment means 
(PAM) of said network control means (RNC), where- 
in a calibration means (CAL) calibrates each power 
step within the range determined by the upper and 
lower power thresholds (PUP; PDWN) and said var- 
iable power offset value (POFF) to predetermined 
values. 

26. Method according to claim 21 , 
characterized in that 

several communication connections (CC) are es- 
tablished between several base stations (BS) and 
said subscriber station (MS), wherein said network 
IF measurement trigger signal (NIFTS) is generated 
(ST 1 31 ) by said network handover means (HORM) 
when said quality measurement means (QMM) de- 
termines that the transmission quality on all down- 
links (DL) of all said communication connection 
(CC) drop under a respective predetermined quality 
threshold (QoS-TH). 

27. Method according to claim 21 , 
characterized in that 

measurements for generating a subscriber IF 
measurement trigger signal (SIFTS) are performed 
in said subscriber station, wherein said IF measure- 
ment means (IFMM) is adapted to start said IF 
measurements only when said network trigger sig- 
nal (NIFTS) and said subscriber trigger signal 
(SIFTS) are generated. 

28. Method according to claim 27, 
characterized in that 

transmitting said subscriber IF measurement trig- 
ger signal (SIFTS) to said network control means 
(RNC) indicating said mesasurements, wherein 
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said network handover means (HORM) generates 
and transmits said network IF measurement signal 
(NIFTS) only when said measurements in said sub- 
scriber IF measurement trigger signal (SIFTS) indi- 
cate the necessity for a handover and said quality 
measurement means (QMM) determines (NEHO) 
that the transmission quality on the down-link (DL) 
of said communication connection (CC) has 
dropped under said predetermined quality measure 
(QoS-MS). 

29. Method according to claim 28, 
characterized by 

said network IF measurement trigger signal 
(NIFTS) is generated only if said measurements re- 
ported in said subscriber IF measurement trigger 
signal (SIFTS) from said subscriber station (MS) in- 
dicate a handover, said quality measurement 
means (QMM) determines (NEHO) that the trans- 
mission quality on the down-link (DL) of said com- 
munication connection (CC) has dropped under 
said predetermined quality measure (QoS-MS), 
and additional system information (IL; TDLP) pro- 
vided in the network control means (RNC) also in- 
dicate a handover 

30. Method according to claim 27-29, 
characterized in that 

said subscriber handover means (HORM) performs 
measurements by an average filtering of a pilot 
channel during a predetermined time. 

31 . Method according to claim 29, 
characterized in that 

said additional information is a total uplink (UL) in- 
terference level (IL) of the communication connec- 
tion (CC) and/or the total down-link output power 
(TDLP). 

32. Method according to claim 27-29, 
characterized in that 

said network handover means (HORM) is adapted 
to determine the necessity for a handover on the 
basis of a supervision of the loads (LOAD) at all 
base stations (BS) in the network (Base station 
Traffic load) 

33. Method according to claim 27-29, 
characterized in that 

said subscriber handover means (HORM) and/or 
said network handover means (HORM) determine 
the necessity for a handover on the basis of a su- 
pervision of the distance (D) between a base station 
(BS) and the subscriber station (MS) (Distance lim- 
its exceeded). 

34. Method according to claim 27-29, 
characterized in that 



said subscriber handover means (HORM) and/or 
said network handover means (HORM) determine 
the necessity for a handover on the basis of a su- 
pervision of a measured pilot signal strength (PLT) 
s falling below a predetermined power threshold (Pi- 
lot strength below a predefined Threshold). 

35. Method according to claim 27-29, 
characterized in that 

io said subscriber handover means (HORM) and/or 
said network handover means (HORM) determine 
the necessity for a handover on the basis of a su- 
pervision (PSV) that in response to a power in- 
crease command by a base station (BS), a sub- 
scriber station power adjustment module (PAM) is 
unable to further increase its power on the uplink of 
said communication connetion (CC) (Power level 
exceeded). 

20 36. Method according to claim 21 , 

characterized in that 

said network IF measurement trigger signal 
(NIFTS) or a further control signal from the network 
control means (RNC) indicates a time interval in 
25 which said subscriber station is to carry out said IF 
measurments. 

37. Mobile communication system (GSM; WCDMA) 
comprising at least one subscriber station (MS) in- 

30 clduing an inter-frequency (IF) measurement 
means (IFMM) adapted to perform said IF measure- 
ments and at least one base transceiver station 
(RBS) and a network control means (RNC) for es- 
tablishing at least one communication connection 
35 (CC) with said subscriber station (MS), 

characterized by said network control means com- 
prising a quality measurement means (QMM) 
adapted to monitor (ST 1 1 1 ) the transmission quality 
on the down-link (DL) of said communication con- 
40 nection (CC) and a network IF handover means 
(HORM) adapted to generate (ST 111) a network IF 
measurement trigger signal (NIFTS) when said 
transmission quality drops (ST121) under a prede- 
termined quality measure (QoS-MS) and to send 
45 (ST131) said generated network IF measurement 

trigger signal (NIFTS) to said subscriber station 
(MS), wherein said IF measurement means (IMM) 
is adapted to perform (ST21 ) said IF measurements 
in said subscriber station (MS) in response to said 
50 network IF measurement trigger signal (NIFTS). 

38. System according to claim 37, 
characterized by 

a subscriber IF handover means (HORM) adapted 
55 to perform measurements for generating a sub- 
scriber IF measurement trigger signal (SIFTS) in 
said subscriber station, 

wherein said IF measurement means (IFMM) is 
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adapted to start said IF measurements only when 
said network trigger signal (NIFTS) and said sub- 
scriber trigger signal (SIFTS) are generated. 

39 . System according to claim 38, 
characterized in that 

said subscriber IF handover means (HORM) is 
adapted to transmit said subscriber IF measure- 
ment trigger signal (SIFTS) to said network control 
means (RNC) indicating said mesasurements, 
wherein said network handover means (HORM) 
generates and transmits said network IF measure- 
ment signal (NIFTS) only when said measurements 
in said subscriber IF measurement trigger signal 
(SIFTS) indicate the necessity for a handover and is 
said quality measurement means (QMM) deter- 
mines (NEHO) that the transmission quality on the 
down-link (DL) of said communication connection 
(CC) has dropped under said predetermined quality 
measure(QoS-MS). 

40 . System according to claim 39, 
characterized by 

said network IF measurement trigger signal 
(NIFTS) is generated by said network IF handover 
request means (HORM) if said measurements re- 
ported in said subscriber IF measurement trigger 
signal (SIFTS) from said subscriber station (MS) in- 
dicate a handover, said quality measurement 
means (QMM) determines (NEHO) that the trans- 30 
mission quality on the down-link (DL) of said com- 
munication connection (CC) has dropped under 
said predetermined quality measure (QoS-MS), 
and additional system information (IL; TDLP) pro- 
vided in the network control means (RNC) also in- 
dicate a handover. 

41 . System according to claim 38-40, 
characterized in that 

said subscriber handover means (HORM) performs 
measurements by an average filtering of a pilot 
channel during a predetermined time. 

42 . System according to claim 38, 
characterized in that 

said additional information is a total uplink (UL) in- 
terference level (IL) of the communication connec- 
tion (CC) and/or the total down-link output power 
(TDLP). 

43 . System according to claim 38-40, 
characterized in that 

said network IF handover means (HORM) is adapt- 
ed to determine the necessity for a handover on the 
basis of a supervision of the loads (LOAD) at all ss 
base stations (BS) in the network (Base station 
Traffic load). 



44 . System according to claim 38-40, 
characterized in that 

said subscriber handover-request means (HORM) 
and/or said network handover means (HORM) de- 
5 termine the necessity for a handover on the basis 
of a supervision of the distance (D) between a base 
station (BS) and the subscriber station (MS) (Dis- 
tance limits exceeded) 

10 45 . System according to claim 38-40, 
characterized in that 

said subscriber I F handover means (HORM) and/or 
said network IF handover means (HORM) deter- 
mine the necessity for a handover on the basis of a 
supervision of a measured pilot signal strength 
(PLT) falling below a predetermined power thresh- 
old (Pilot strength below a predefined Thresh- 
old) 

20 46 . System according to claim 38-40, 

characterized in that 

said subscriber handover means (HORM) and/or 
said network handover means (HORM) determine 
the necessity for a handover on the basis of an out- 
put by a network power supervision means (PAM) 
that in response to a power increase command by 
a base station (BS), a subscriber station power ad- 
justment module (PAM) is unable to further increase 
its power on the uplink of said communication con- 
nection (CC) (Power level exceeded). 

47 . System according to claim 37, 
characterized in that 

said network IF measurement trigger signal 
(NIFTS) or a further control signal from the network 
control means (RNC) indicates a time interval in 
which said subscriber station is to carry out said IF 
measurments. 

40 48. Network control means (RNC) of a mobile commu- 
nication system (GSM; WCDMA) comprising at 
least one subscriber station (MS) including an inter- 
frequency (IF) measurement means (IFMM) adapt- 
ed to perform said IF measurements and at least 
one base transceiver station (RBS) for establishing 
at least one communication connection (CC) with 
said subscriber station (MS), 
characterized by said network control means com- 
prising a quality measurement means (QMM) 
adapted to monitor (ST11 1 ) the transmission quality 
on the down-link (DL) of said communication con- 
nection (CC) and a network IF handover means 
(HORM) adapted to generate (ST111) a network IF 
measurement trigger signal (NIFTS) when said 
transmission quality drops (ST121) under a prede- 
termined quality measure (QoS-MS) and to send 
(ST131) said generated network IF measurement 
trigger- signal (NIFTS) to said subscriber station 
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(MS), wherein and said IF measurement means 
(IMM) is adapted to perform (ST21) said IF meas- 
urements in said subscriber station (MS) in re- 
sponse to said network I F measurement trigger sig- 
nal (NIFTS). 

49. Network control means (RNC) according to claim 

48, 

characterized in that 

a transmitted output power (TP) on the down-link 
(DL) is measured (ST 1 1 1 ) by a power measurement 
means (PMM) and said network IF measurement 
trigger signal (NIFTS) is generated (ST 1 31 ) by said 
network IF handover means (HORM) when said 
transmitted output power on the down-link (DL) ex- 
ceeds a predetermined power limit value (Plimit). 

50. Network control means (RNC) according to claim 

49, 

characterized in that 

said network IF measurement trigger signal 
(NIFTS) is generated (ST131) by said IF handover 
means (HORM) if said transmitted output power 
measured on the down-link (DL) by said power 
measurement means (PMM) exceeds said prede- 
termined power limit value (Plimit) longer than a 
predetermined measurement interval (TINT). 

51. Network control means (RNC) according to claim 
49 or 50, 

characterized in that 

said quality measurement means (QMM) presets 
for the donwlink (DL) a predetermined power offset 
value (POFF) as well as an upper and lower thresh- 
old values (PUP; PDWN) within which said meas- 
ured down- link power is allowed to vary. 

52. Network control means (RNC) according to claim 
49 or 50, 

characterized in that 

said power offset value (POFF) is variable depend- 
ent on a stow power control (PCTL), and said upper 
and lower power thresholds (PUP; PDWN) are var- 
iable dependent on a fast power control (PCTL), re- 
spectively carried out by a power control means 
(PCTL) of said network control means (RNC), 
wherein a calibration means (CAL) calibrates each 
power step within the range determined by the up- 
per and lower power thresholds (PUP; PDWN) and 
said variable power offset values (POFF) to prede- 
termined values. 

53. Network control means (RNC) according to claim 48 
characterized in that 

several communication connections (CC) are es- 
tablished between several base stations (BS) and 
said subscriber station (MS), wherein said network 
IF measurement trigger signal.(NIFTS) is generated 



(ST131) by said network IF handover means 
(HORM) when said quality measurement means 
(QMM) determines that the transmission quality on 
all down-links (DL) of all said communication con- 
s nections (CC) drops under a respective predeter- 
mined quality measure (QoS-MS). 



10 



is 



20 



25 



30 



35 



40 



45 



SO 



55 



JSDOCID: <EP 1081977A1 J_> 




EP 1 081 977 A1 



FIG. 2 

PRIOR ART 




21 

4SDOC1D: <EP 1081977A1 J_> 





EP 1 081 977 A1 



FIG. 3- 2 

PRIOR ART 




JSDOCID: <EP 1081977A1 _l_> 



23 






EP 1 081 977 A1 



FIG. 4-2 

PRIOR ART 




25 

JSDOCID: <EP 1081977A1 _l_> 






EP 1 081 977 A1 



FIG. Sc 



SLOW POWER CONTROL 



(OUTER LOOP) 
RNC-SIDE OR MS- SIDE 



FAST POWER CONTROL 



(INNER LOOP) 

NODE B- SIDE OR MS- SIDE 




DELTA_SIR_TARGET (dB) 




27 



-ISDOCID: <EP 1081977A1 J_» 





EP 1 081 977 A1 



FIG. 8 

PRINCIPLE OF THE INVENTION 




30 

4SDOCID: <EP 1081977A1_I_> 





CHO ronM 1503 03 82 (P04C01) 



EP 1 081 977 A1 






European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 11 7127 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



140 99 43178 A (NOKIA TELECOMMUNICATIONS 0Y 
; SAL0NAH0 OSCAR (FI); SIPILAE KARI (FI) 

26 August 1999 (1999-08-26) 

* page 1, line 5 - page 2, line 35 * 

* page 6, line 3 - page 7, line 7 * 

* page 13, lire 18 - page 15, line 20 * 



1 , 6 . 21 , 

26,37, 

48,53 



H04Q7/38 



The present search report has been drawn up for all claims 



TECHNICAL FIELDS 
SEARCHED (hit Cl .7) 



H04Q 



THE HAGUE 



Date of completion of the nwuch 

14 January 2000 



Behringer, L.V. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 
Y : particularly relevant if combined with another 
doormen of the same category 
A : technological background 
O : non -written disclosure 
P : niermecJato document 



T : theory or principle underlying the Invention 
E : earlier paterrl document, but published on, or 
after the fling date 
D : docurnem cited in the application 
L : documem dted for ether reasons 



& : member of the same patent family, corresponding 
documem 



32 



4SDOCID: <EP 1081977A1 J_> 




EP 1 081 977 A1 






ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 11 7127 



■nils annex lists the patent family members relating to the patent documents dted In the above-mentioned European search report. 

The members are as contained inlho European Patent Office EDP til© on . . . 

Ttie European Patent Office Is In no way liable for these particulars which are merely given tor the purpose ol Information. 

14-01-2000 




For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 




33 



JSDOCID: <EP 1081977A1 _l_» 




THIS PAGE BLANK (usptoi 




